both data and analysis tools, and providing an intuitive Web-based portal for access to these resources.
In addition to the three scientific collaboratories and the coordinating center, BIRN also supports other NIH-funded collaboratories that are using the BIRN infrastructure to advance their research:
n National Alliance for Medical Image Computing: A multi-institutional, interdisciplinary team of computer scientists, software engineers, and medical investigators developing computational tools for the analysis and visualization of medical image data. 2 n Yerkes National Primate Research Center of Emory University in Atlanta, Georgia: Studying the linking of brain imaging, behavior, and molecular informatics in primates with neurodegenerative disease. 3 This center is using BIRN resources for developing datasharing strategies with seven other National Primate Research Centers as well as the existing BIRN collaboratories.
BIRN's originating NIH awards totaled approximately $30 million, with an additional $32.8 million awarded for the continuation of activities for five additional years in early 2005. Funding began in 2001, and current awards anticipate the participants engaging in the development and testing of this shared cyberinfrastructure throughout this decade. An overview of participation in the three collaboratories and the BIRN-CC is shown in table 12.1. It is important to note that members may participate in more than one BIRN collaboratory.
In the section that follows, we describe the three collaboratories and the BIRN-CC in more detail. Then we analyze specific aspects of the BIRN in light of the emerging theory of remote scientific collaboration (chapter 4, this volume). The findings in this chapter are based on the University of Michigan authors' interviews with the creators and principals in BIRN, examination of documents on the public Web site, and observation of an all-hands meeting, and on the University of California at San Diego authors' personal ongoing experience as principals in BIRN.
The BIRN Collaboratories
Function BIRN Function BIRN's goal, as stated above, is to study brain dysfunctions related to the progression and treatment of schizophrenia. In order to get a large enough sample size of the various populations of schizophrenics (e.g., early as well as late onset), data must be integrated across many sites. Major challenges that Function BIRN had to address were the calibration of the functional MR data, the calibration of the MR scanners being done by Morphometry BIRN, and deciding on the cognitive tasks that the participants were to engage in to standardize the results. As a consequence of this work, a truly unique data set has been collected by Function BIRN and has been made available to the scientific community. This data set, a Traveling Subjects study designed to allow for the investigation of calibration methods, used healthy volunteers who traveled to all the sites and were scanned on two days, with the sequence of scans agreed on by the entire collaboratory.
Brain Morphometry BIRN Brain Morphometry BIRN investigates the structure of the human brain and examines the neuroanatomical correlates of neuropsychiatric illnesses. It utilizes the BIRN infrastructure to facilitate the comparison of findings across the collaboratory in order to identify the unique and common structural features of disorders such as unipolar depression, Alzheimer's disease, and mild cognitive impairment. One of the major issues facing Morphometry BIRN is the calibration of the structural MR data being collected at multiple sites on varying equipment and the subsequent statistical analysis of 3-D shapes, both for analysis and visualization purposes. Different institutions have made inroads in developing these analytic tools; the participants are now allowing others to access not only the data but also the tools themselves, with an eye to building even more powerful, more broadly applicable tools.
Mouse BIRN
The mouse brain has certain correspondences with the human brain, and mice can be genetically modified to manifest more or less the same disease pathologies as seen in human disorders such as Parkinson's and Alzheimer's. Since much more detailed investigations can be undertaken in mouse brains, and ''preclinical trials'' of new treatments can be more rapidly and less expensively carried out on mice, this is a good ''model organism.'' One key issue in this large-scale integration of data is that researchers from different subdisciplines do not always refer to the same location in the brain with the same terminology. Consequently they have had to develop the SmartAtlas, which allows all data to be placed within a common coordinate system, and uses a system of unique terminological identifiers to connect anatomical data to molecular and structural schema (see figure 12 .1). The SmartAtlas allows for spatially registered data to be displayed, queried, and annotated. The spatial registration of data sets involves warping and scaling the data to a standard template, and then referencing the resulting data to the coordinate system.
BIRN-CC
A unique feature of the BIRN collaboratories is that they share not only a common technical core but also a set of social and administrative issues that they resolve together. These are done through the BIRN-CC and a well-designed management structure. The BIRN-CC is housed at the University of California at San Diego, and is commissioned to develop, implement, and support the information infrastructure necessary to achieve large-scale data sharing among the collaboratories. In addition to the development and deployment of the technical infrastructure, the BIRN-CC provides high-level project management, training, and expert-level technical support. It also collects best practices and serves as the management's point of contact. Finally, the BIRN-CC supports many central services, such as a Web site and Web portal services that provide access to data, software, computing clusters, data storage clusters, database servers, and application servers.
The BIRN collaboratories deal not only with large, distributed databases but also with highly heterogeneous sets of data. A query may need to span several relational databases, ontology references, spatial atlases, and collections of information extracted from image files. A major success within the BIRN was the deployment of a data integration environment that enables researchers to submit these multisource queries and navigate freely between distributed databases. This data integration architecture for BIRN builds on work in knowledge-guided mediation for integration across heterogeneous data sources (Gupta, Ludäscher, and Martone 2001; Ludäscher, Gupta, and Martone 2000; Martone, Gupta, and Ellisman 2004) . In this approach, the integration environment uses additional knowledge captured in the form of ontologies, spatial atlases, and thesauri to provide the necessary bridges between heterogeneous data. This is unlike a data warehouse, which copies (and periodically updates) all local data to a central repository and integrates local schemata through the repository's central schema. The BIRN federated data environment creates the illusion of a single integrated database while maintaining the original set of distributed databases. By federating their data as opposed to storing it in a central location, the original owners can grow their databases and use them with their own tools independent of the BIRN integration environment.
The BIRN-CC does not rely on all the sites to configure their own hardware and software to meet BIRN standards. Instead, people at the BIRN-CC integrate the necessary hardware, which is already loaded and preconfigured with the requisite BIRN software. It is then shipped to the site. We call this BIRN-in-a-box, illustrated in figures 12.2a and 12.2b. In the rack are the grid point-of-presence network tools, network-attached storage, and general-purpose computing nodes, where security and encryption can be uniformly applied. To effectively address and manage the expanding complexity of these hardware/software systems, the BIRN-CC is formalizing and expanding the process of integrating, testing, deploying, and updating the software stack.
Key Aspects to BIRN's Success
The theory of remote scientific collaboration (chapter 4, this volume) identifies five major categories of factors that are critical to the success of collaboratories: technical readiness, aspects of management and decision making, collaboration readiness, the nature of the work, and common ground. In this section, we comment on how these factors play out in BIRN.
Technical Readiness
The researchers in BIRN are generally technically sophisticated, which they have to be to do research using MR imaging (MRI) and the associated data. They are accustomed to carrying out sophisticated data analysis and developing visualization tools. The advent of BIRN has provided them with a larger database and access to tools developed at other sites. The delivery of the hardware and software as BIRN-in-a-box lightens the load on the local system administrator for the administration and maintenance of the system at that site.
BIRN also supports the development of the technology needed to comply with various federal regulations having to do with privacy and the protection of human research subjects, such as the Federal Policy for the Protection of Human Subjects, often referred to as the ''Common Rule,'' and the Health Insurance Portability and Accountability Act (HIPAA). For example, when sharing data publicly, HIPAA (1996) requires that it be impossible to identify the person whose medical data are being shared. Unfortunately, the MRI data has information that can allow a reconstruction of the person's face, which in turn could identify the person to those who know them. There has thus been considerable effort to build ''de-identification'' tools for MRI data that will strip away the face without disturbing the actual brain data and will also remove any potential identifiers in the data files themselves.
In addition to merely being ''ready'' technically, BIRN is leading in the area of cyberinfrastucture (Buetow 2005; Ellisman 2005 ). BIRN offers a useful example of why scientists need high-end networking and grid technologies (for security, scalability, and performance), and it exposes the social issues that are sometimes invisible to people concentrating on making the technology available. The BIRN participants have had a strong voice in cyberinfrastructure planning, enumerating the real needs for such data aggregation and use to take place.
Management and Decision Making
BIRN has a management plan that follows what the theory of remote science collaboration recommends for complex projects. An oversight committee (the BIRN Executive Committee) is made up of the principal investigators of the BIRN collaboratories and representatives from the National Center for Research Resources at the NIH. This committee commissions a variety of standing and ad hoc committees that tackle important common issues. For instance, one committee is devising standard ''template'' wording to satisfy the subject consent and data-sharing agreements that must be approved at each institution's Institutional Review Board (IRB). (IRBs are committees that every research institution is required to have to protect the patients/participants in research studies.) IRBs differ in how they interpret the federal guidelines, and states have additional guidelines and laws. Therefore, standard language, expectations, and procedures are critical to getting approval to conduct studies using the BIRN infrastructure. These standing and ad hoc committees are populated with people from each of the BIRN collaboratories. In this way, every participant has a voice and is heard. BIRN has developed a Cooperative Guidelines Technical Manual that assists in delineating the technical responsibilities of the BIRN-CC and each site participating in BIRN.
A principal investigator, a scientific coordinator, and a project manager head each of the BIRN collaboratories (test beds) and the BIRN-CC. The project manager is experienced with project management and is, in addition, schooled in the domain. Many of the committees hold biweekly or monthly meetings supported by a mixture of audio and videoconferencing. Each year, in the fall, BIRN organizes an all-hands meeting in which nearly everyone participates (see figure 12. 3).
The annual meeting has helped to generate a spirit of open communication and has created opportunities for the participants to express their opinions regarding decisions that affect the project. Annually, in the spring, each scientific test bed holds its own allhands meeting to focus on domain-related research, the identification of new tools, a review of policies and procedures, and plans for future research and studies. Even with this communication technology and the structure of regular meetings across sites, however, the participants still identify cross-site communication as one of the major challenges.
Collaboration Readiness
Collaboration readiness is an issue in BIRN. BIRN scientists have raised concerns about releasing data before they have had time to use them. They fear that other researchers will analyze and publish the data before they have the chance to do so. Indeed, while they espouse the value to the community at large for sharing data (bigger sample sizes, the ability to see things at various scales, and better science in general), the field has not evolved new credit mechanisms. Researchers are typically rewarded for peerreviewed publications, with the first and last position in a multiauthored work counting the most heavily. Those ''in the middle'' who provide critical analyses, or even those who donate their data to make a discovery possible, receive less recognition. BIRN continues to work on these issues. BIRN scientists have developed a draft ''rollout'' scheme and timeline in which the data would first be available only to the originator, then to specified others, then to the BIRN consortium as a whole, and finally to the general public. How well the ''big science'' aspect is supported in this rollout while individual scientists mine the data for their own discoveries remains an open issue. In support of this data-sharing philosophy, the first large-scale publicly available data sets being offered by BIRN were made available in fall 2005.
The Nature of the Work The prescription about the nature of work says that if the work is tightly coupled (that is, where the individuals are dependent on each others' input) or is ambiguous (where things have to be clarified), it is difficult to conduct this work long distance. BIRN in The fourth annual BIRN all-hands meeting was held in Boston with over 150 participants its final state may not require tight coupling; the data ought to be clearly identified through the metadata, and their analysis and interpretation ought to be straightforward. With the clarity, people will be able to work on their own hypotheses without having to coordinate with others remotely. Yet at the beginning, when issues of standardization are being worked out, tight communication is important. This makes the times when the participants can get together to work out these issues all that much more significant.
Common Ground
Although many of the BIRN researchers in the currently active test beds are in the same field (neuroscience), they have serious differences in the cultures of their subfields. Those working on Mouse BIRN, for example, are researching brain functions at a wide range of scales. As mentioned above, the scientists in the subfields may refer to the location of a sample (e.g., the microscopy image of a single cell) using different terminologies. The SmartAtlas resolves this problem by placing the integrated data into a common spatial framework so that all the appropriate data can be aggregated. In addition to the common spatial framework, the use of ontologies is required to bridge these differing nomenclatures. The use of ontologies and other ''knowledge sources'' is critical to the data integration architecture being deployed by BIRN, which allows researchers to submit multisource queries and navigate freely between distributed databases.
There is an additional synergy in the fact that BIRN is a consortium of collaboratories, allowing lessons learned at one site to spread to others. For instance, Function BIRN is taking the lessons gained and methods developed for anatomical imaging in Morphometry BIRN, and is utilizing, extending, and developing novel methods to develop calibration methods for functional imaging.
Successes
As explained in the theory of remote scientific collaboration (chapter 4, this volume), success can be manifested in a variety of ways. There are effects on the science itself, changes in the scientists' careers (e.g., attracting a more diverse population to the field), effects on science education and public awareness, and the reuse of technologies developed in one collaboratory by another.
The Effects on the Science Itself
It is too early to tell whether the discovery of disease markers and the effects of the associated cures is moving more quickly because of BIRN, but the preliminary accomplishments are encouraging. Early measures of BIRN's success are reflected in use. As of June 2006, BIRN had over fifteen million files on the data grid, encompassing over sixteen terabytes. There are nearly four hundred accounts for access to BIRN plus fifty-one guest accounts that are limited to read-only capability. Evidence of collaboration appears in the nearly eighteen million files that were accessed by people who did not create them.
At the time this chapter was written, the BIRN participants had produced ninety-six publications. Most of these publications discuss the building of the infrastructure and the associated software tools, but some that are now coming out report new scientific findings based on the aggregated data that BIRN makes available. The number of coauthors ranges from one to twenty, with the average increasing over the years. Fortyseven publications have BIRN participant listed as a coauthor.
Advances in the science to date include improved understandings of the hippocampus and amygdala in Alzheimer's patients (Beg et al. 2004; Horne et al. 2004) , morphological changes in a mouse model with dopaminergic hyperfunction (Cyr et al. 2005) , neurocognitive correlates in patients with schizophrenia (Kemp et al. 2005) , genomics and dyslexia (Williams forthcoming), and genomics and hippocampal neurogenesis (Kempermann et al. 2006) .
Just as in high-energy physics, there is an entire subfield dedicated to the study of the instrumentation and data analysis. For example, collaborative imaging studies require the standardization and calibration of instruments (e.g., Jovicich et al. 2004) , and some tools are necessary for compliance with federal regulations such as HIPAA in the sharing of data (e.g., Fennema-Notestine et al. 2006) .
The Effects on Other Collaboratories
In addition to the Yerkes's and the National Alliance for Medical Image Computing's use of the BIRN infrastructure, people from BIRN have been active in sharing their experiences with others. They have participated in global conferences to explain how they have solved problems in instrument calibration and data federation. In the UK Research Council's e-Science program, for example, an architecture similar to that used by BIRN and myGrid was utilized to combine data and databases through a semantic data integration system that bridges different kinds of data, like MRI images and microscopic data.
BIRN was also cited in testimony to the U.S. Congress to illustrate how data aggregation could promote faster scientific discovery. Finally, BIRN leaders have been heavily involved in shaping cyberinfrastructure projects to note which kinds of services (e.g., security) scientific collaboratories will need.
The Reuse of Tools
Others have adopted the tools developed by BIRN. Some of the infrastructure for integrating data has been adopted by the National Ecological Observatory Network, which seeks to foster understanding of the relationship between effects on lakes, rivers, and oceans and land formations (see also chapter 16, this volume). In addition, BIRN is offering its collaboration tools to general clinical research centers.
The University of California at San Diego is fortunate to host a number of grid collaboratories in many different scientific domains. The software engineers hold joint meetings between collaboratories for the express purpose of sharing technologies and techniques that can be applied across grid projects. This open sharing process allows subsequent grid projects to benefit from the lessons learned and the tools developed by projects like BIRN.
Summary
BIRN incorporates a lot of what we believe makes a collaboratory successful. It has made technology adoption easy through the availability of BIRN-in-a-box. The BIRN-CC has developed tools to help in a number of different collaboratories, both within and outside BIRN. Indeed, BIRN has a voice in shaping cyberinfrastructure, so that other sciences that might benefit from large-scale, long-distance collaboration will have access to the shared infrastructure they need.
BIRN also places a strong emphasis on participatory and open management. Standing and ad hoc committees tackle issues common to a number of the BIRN collaboratories (e.g., IRB issues, data sharing, and ontologies). A principal investigator, a lead scientist, and a professional project manager leads each committee, thereby ensuring that best practices from project management are adopted, and that the leadership garners the respect of the participants.
